Integrase (IN) strand transfer inhibitors (INSTIs) have quickly become a mainstay of treatment for human immunodeficiency virus type 1 (HIV-1) infection. Dolutegravir (DTG) is particularly attractive because of it high potency, tolerability, and high barrier to resistance. Overall prevalence of INSTI drug resistance is low, with the most common mutations being Q148H/R/K, G140A/ S/C, E138A/K/T, N155H, and/or Y143C/R in the IN gene, which confer resistance primarily to raltegravir and elvitegravir, but little cross-resistance to DTG. DTG failure has been observed primarily through acquisition of multiple mutations [1] .
To date, clinically significant DTG resistance has been described primarily in treatment-experienced patients [2] , including no significant resistance noted among virologic failures in treatment-naive individuals in clinical trials [3] [4] [5] . A recent retrospective cohort study found 2 cases of virologic failure in treatment-naive individuals among total 392 DTGtreated participants in the first year of therapy [6] . One patient, treated with abacavir-lamivudine plus DTG, developed a T66I IN mutation in the setting of poor medication adherence (50-79% INSTI adherence). In the other patient, treated with tenofovir disoproxil fumarate-emtricitabine plus DTG, treatment failure occurred with only M184V detected at standard population genotype testing and self-reported medication adherence >95% [6] . Here we report what we believe to be the first case of early virologic failure during a DTG-containing initial regimen with evidence of rapid emergence of INSTI-resistance mutations during treatment.
CASE REPORT AND RESULTS
A 46-year-old man with no significant prior medical history was admitted to the hospital with progressive dyspnea, fatigue, and weight loss. At the time of admission, he was hypoxic and Pneumocystis jirovecii direct fluorescent antibody was positive from a bronchoalveolar lavage sample. He was treated for Pneumocystis pneumonia with trimethoprim-sulfamethoxazole and prednisone. HIV-1 screening antibody and confirmatory Western blot results were positive, though gp41, p31, and p24 bands were consistently indeterminate at repeated testing during this period. The patient's plasma HIV RNA level was 1 970 000 copies/mL, and the absolute CD4 + T-lymphocyte count was 78/μL (12% of the T-cell subset). Standard population HIV-1 genotype (reverse-transcriptase and protease genes) revealed wild-type virus (Quest Diagnostics). He started antiretroviral therapy (ART) with tenofovir disoproxil fumarateemtricitabine plus DTG before discharge from the hospital ( Figure 1A ), and his prednisone dosage was tapered according to standard guidelines. The patient returned to the hospital 3 days later with worsened respiratory symptoms necessitating intensive care unit admission. His plasma HIV RNA level initially decreased to 2770 copies/mL after 2 weeks of ART but then increased to 6510 and 15 700 copies/mL 23 and 27 days, respectively, after ART initiation. He received no divalent cation-containing therapies and was directly observed to be taking his ART during the hospital admission. ART was intensified with ritonavir-boosted darunavir on day 30. Standard HIV-1 population genotyping from the sample on day 27 showed M184V and V118I and IN genotype showed G163E. The patient's plasma HIV RNA level decreased to 7660 copies/mL on day 35. His clinical symptoms improved, and he was discharged. His plasma HIV RNA level decreased further to 320 copies/mL on day 45, and his CD4 + T-cell count increased to 125/μL ( Figure 1A ). Ritonavir-boosted darunavir was later replaced with rilpivirine because of rash on day 73, and at this writing the patient has remained virologically suppressed for >2 years during treatment with tenofovir alafenamide-emtricitabine-rilpivirine with DTG.
To better understand the resistance dynamics during the period of apparent virologic failure, a portion of the IN gene was amplified for deep sequencing from serial plasma samples collected over 8 days after peak viremia (time points A, B, and C in Figure 1A ). Viral RNA was isolated, and an IN gene fragment from amino acids 142-165 was amplified using reverse-transcription polymerase chain reaction (see Supplementary Methods). This region was chosen to include as many potential reported mutations within the fragment size optimal for sequencing with an Illumina HiSeq 2000 sequencing platform. Owing to limited plasma samples from this clinical period, we were able to analyze only this portion of the IN gene. Sequencing of these samples generated a mean of 2 483 155 reads covering the region of interest. Paired-end reads were used for error correction and referenced to NL4-3 molecular clone sequence (see Supplementary Methods). The relative frequency of each mutation was calculated for each sample as raw read count to the total sequencing depth ( Figure 1B and 1C) . Sequencing analysis revealed primarily wild-type virus at time point A (Figure 1B) . At time point B, 3 days later, the primary mutation genotype was I151V-G163E. Population genotype performed for clinical care on this same day also confirmed presence of the G163E mutation, in addition to M184V mutation in reverse-transcriptase ( Figure 1A) . Time point C, 5 days after time point B, showed Q148K emergence and continued presence of I151V-G163E ( Figure 1B) . A full list of all mutations present at >0.5% is shown in Figure 1C .
DISCUSSION
Development of DTG resistance in first-line treatment is a rare and not fully understood event [6, 7] . This report presents a case of rapid emergence of multiple potential resistance mutations in the IN gene during a time of increasing plasma HIV RNA level after initial rapid decay during on first-line DTGcontaining 3-drug ART. We believe this is the first such report and as such could have significant clinical implications for the planned scale-up of DTG-containing regimens for first-line and second-line therapy globally. Only 1 previous cohort has identified cases of treatment-naive virologic failure during DTG treatment [6] . Risk of treatment failure in this retrospective study was associated with viremia >100 000 HIV-1 RNA copies/ mL and CD4 + T-cell counts <200/μL [6] , both of which were also characteristic of our patient. We demonstrated a case of rapid development of Q148K mutation (20.9%), along with the presence of numerous minority mutations (Figure 1 ). The role of minority variants, which includes viral populations below the 20%-30% detection limit of standard clinical genotype assays, can affect response to nonnucleoside reverse-transcriptase inhibitors and protease inhibitors [8, 9] , but the role of minority variants in INSTI treatment failure is not clear. Studies have similarly demonstrated evolution of INSTI resistance during raltegravir therapy, but this has not been consistently shown to alter outcomes in larger studies [8] . In our case, it is unlikely that Q148K alone conferred clinical DTG resistance, but more likely this in addition to other mutations collectively resulted in the observed clinical outcome.
The role of the existing M184V mutation in the observed clinically obtained population genotype is unclear, but intriguing. There have been reports of reverse-transcriptase mutations, specifically M184V, influencing IN resistance. A post hoc analysis of a phase 3 trial of a regimen including elvitegravir, cobicistat, emtricitabine, and tenofovir disoproxil fumarate showed that primary INSTI mutations often occurred in the setting of preexisting M184V [10] , with similar findings in other studies of treatment-experienced patients [11] . Although we observed both M184V and Q148K, we do not know whether these are on the same virion or separate quasispecies. The lack of additional clinical specimens for phenotypic testing limits our ability to determine the relative influence of each observed mutation on the virologic failure. One possibility is that M184V emergence led to the initial loss of virologic control, which then predisposed to the rapid selection of DTG resistance.
Our analysis is limited by the IN gene region available for sequencing (amino acids 142-165), because this does not allow for assessment of other potentially relevant mutations in other regions, including T66, E138, G140, R263, or other de novo mutations. Similarly, the absence of IN gene sequencing before ART initiation limits our ability to evaluate for transmitted IN gene resistance, although such transmitted resistance has been a rare event to date [12, 13] . Unfortunately, neither phenotypic testing nor DTG levels were available owing to limited specimens. Medication adherence was unlikely to have contributed to virologic failure in this case, because the patient was hospitalized most of the time and therefore had directly observed therapy. Medication administration records were reviewed in detail, and there was no concurrent administration of divalent cations or other medications that could similarly compromise absorption of DTG.
Although DTG resistance and failure remain exceedingly rare in treatment-naive individuals, our case and detailed genotypic analysis present intriguing data showing rapid evolution of IN mutations in the presence of DTG, concomitant with increasing plasma viremia. Despite the limitations noted, our report is a reminder that, despite a high barrier to resistance, no agent as initial therapy for HIV-1 is impervious to resistance.
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